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Mining effluents were found to be the main source of pollution by heavy metals of the surface water in the San Pedro River in
Sonora, Mexico. The overall objective of this study was to determine the biosorption of Zn, Cu, Mn, and Fe with yeasts isolated
from San Pedro River in a continuous system.The tests conducted in two reactors packed with zeolite connected in series.The first
reactor was inoculated mixing two yeasts species, and the effluent of the first reactor was fed to second reactor. Subsequently, the
first reactor was fed with contaminated water of San Pedro River and effluent from this was the second reactor influent. After 40
days of the experiment a reduction of 81.5% zinc, 76.5% copper, manganese 95.5%, and 99.8% of iron was obtained. These results
show that the selected yeasts are capable of biosorbing zinc, copper, manganese, and iron under these conditions.

1. Introduction
Heavy metal pollution is one of the most relevant envi-
ronmental problems nowadays. Several industries such as
mining, energy and fuel production, pesticide industry, met-
allurgy, electrolysis, photography, aerospace, among others,
produce and discharge waste into the environment waste
containing various heavy metals [1]. In our country, we have
found a history of heavy metal contamination in surfaces
water of the San Pedro River in Sonora [2], where the main
source of pollution is mining effluents. For decades, studies
and methods have been developed remedy the pollution of
toxic metals by mining and metallurgical industry [3].

Existing techniques were developed for the removal of
heavy metals from wastewater including chemicals: precip-
itation, neutralization, ion exchange, membrane separation,
electrodialysis, and adsorption by activated carbon; however,
all these methods have the disadvantage of secondary con-
tamination [4]. Additionally, it is especially difficult to treat
large volumes of domestic and industrial water containing
low concentrations of heavy metals (1–100mg/L).

Furthermore, a more environmental treatment is bioso-
rption, which is based on bioremediation that is defined

as a natural process whereby various microorganisms are
capable of removing organic and inorganic contaminants in
a given environment, and this allows mainly the reuse of
the contaminated area and the recovery of the ecological
balance [5]. Microorganisms, as heavy metal bioadsorbents,
offer a new alternative for removal or detoxification of toxic or
valuable metals in industrial wastewater. There are a variety
of microorganisms with the ability to capture significant
amounts within them from dilute solutions [6].

The biosorption process with living biomass is a very
interesting alternative for the restoration of sites contami-
nated with heavy metals, as previous studies showed to be
effective when you have low concentrations of metals. The
study of the interactions of microorganisms and metals may
be useful in understanding the relationships between toxic
metals with higher organisms such as mammals and plants
[7].

There have been studies with polymers as support mate-
rial for the immobilization of microorganisms; however, the
work and the stability of the gels are problem due to solubility
in water. This limits its use in industrialization and large-
scale applications [8]. There are other materials that are used
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Figure 1: Schematic diagram of the upstream flow of the aerobic reactors packed with zeolite.

as support for biomass, such as natural zeolites that have
shownmajor industrial applications due to their great affinity
for water and their cavities that only allow the passage of
molecules of a certain size. Natural zeolites have been used
as additives in animal feed, as soil improvers in agriculture
due to increased nitrogen retention and soil moisture, and as
catalysts in industrial processes of refining, petrochemicals,
and fine chemicals [2].

The aim of this work was to determine the biosorption of
zinc (Zn), copper (Cu), manganese (Mn), and iron (Fe) with
immobilized yeast Issatchenkia orientalis (Io) and Candida
tropicalis (Ct) on zeolite, with a continuous two-reactor
aerobic upflow system. The system industrial effluents with
concentrations above the OfficialMexican Norm (NOM-001-
ECOL-1996), especially copper, zinc, manganese, and iron.
This work seeks an alternative for heavy metals biosorption
with a consortium of yeasts isolated from the Rio San Pedro.

2. Methodology

2.1. Geographic Location of Sampling. The geographical loca-
tion of the sample site of the Rio San Pedro was as follows:
station 1, latitude 30∘59󸀠45󸀠󸀠, and longitude 110∘17󸀠22󸀠󸀠. These
waterswere those used for testing biosorption of heavymetals
in the continuous system. The pH of the water collected
was 3.3; this is probably because the place is closed to mine
effluents.

2.2. Biomass Material. The yeast strains used were isolated
from the water of the Rio San Pedro, Sonora in a previous
study and were identified as Issatchenkia orientalis (Io) and
Candida tropicalis (Ct) [9].

2.3. Continuous Biosorption Tests. Biosorption of heavy met-
als testing was performed on system continued in two aerobic

reactors upflow packed with zeolite (clinoptilolite) connected
in series as shown in Figure 1. The reactors were glass of
49.3 cm long by 6.9 cm internal diameter, with a side outlet
at the top of the reactor for taking of samples and a volume
of 1.5 L. The reactors were packed with 1000 g of zeolite with
a size of 3-4mm. The air feed and the mineral medium were
conducted by the lower part of the reactor, using a peristaltic
pump at 2.5mL/min. The mineral medium is composed of
(g/L) of 5 glucose, 3 ammonium phosphate, 3 potassium
phosphate, 0.2 magnesium sulfate, and 5 sodium chloride to
an acid pH of 3-4 [2].

Themixture of yeasts was inoculated into the first reactor
(R1), and the biomass produced was subsequently fed to
the second reactor (R2). The biomass was recirculated in
each reactor for 5 days until a concentration of 1 g/L of
biomass was obtained, which was suitable to start feeding
the contaminated waters and start testing the biosorption
capacity [2].

The first reactor (R1) was fed with contaminated water
whose effluent was the influent for the second reactor (R2).
The conditions of operation of the reactors were as follows: air
flow 3.5mL/min, feed rate 0.7mL/min, hydraulic retention
time (HRT) of 1 day at 26∘C, and pH between 3 and 4.

3. Results

In the first reactor a rapid population development with the
consortium of the two strains of yeast was observed. This
occurs due to the fact that the Candida tropicalis strain shows
maximum growth of 180 minutes, while the growth time for
Issatchenkia orientalis is 260 minutes [9].

Table 1 shows a comparison of the removal efficiencies of
heavy metals in each reactor, where high removals of Mn,
Fe, Zn, and Ni can be observed. After the fifth day of the
experiment the removal percentage decreases slowly for zinc,
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Figure 2: Biosorption kinetics of Zn, Cu, Mn, and Fe in a continuous system, using Issatchenkia orientalis and Candida tropicalis yeasts
immobilized in clinoptilolite zeolite.

Table 1: Percentage removal of heavy metals.

Metal % Removal R1 % Removal R2
Zinc 80 83
Copper 63 90
Manganese 94.3 97
Iron 99.5 100

copper, and manganese, and iron moreover is enhanced until
the end of the process; this can be seen in Figure 2.

Figure 2 shows the removal of heavymetals; the efficiency
of the immobilization of yeasts to biosorb zinc is observed,
obtaining a percentage of 80% and 83% in R1 and R2, and
specifies that the concentrations found in San Pedro River
do not exceed the 20mg/L according to Mexican Norm.
This demonstrates efficacy in the efficiency removal of the
system. Zinc removal of 94% ± 0.3%, using immobilized S.
cerevisiae yeast, has been reported in the literature, with an
initial concentration of 750mg/L, of a synthetic solution, at
pH 6 and a flow rate of 2.5mL/min [10].

The same figure shows Cu biosorption capacity in con-
tinuous systems of both columns. R1 shows that in the first

five days a 63% metal removal was obtained, and 90% in R2.
It is noteworthy that biomass continues biosorbing at day
25, still in significant quantities of metal below the standard,
which establishes themaximumpermissible limits for copper
are 6mg/L. On the other hand, studies with Saccharomyces
cerevisiae, immobilized in sepiolite for Cu adsorption, have
shown favorable results of 98.3 ± 0.4%.This takes place at an
initial concentration of 500mg/L of synthetic solution with
pH 8 and a flow rate of 2.5mL/min [10]. Other authors report
the use of Celtek clay as biosorbent of heavy metals; the
adsorption of the metals increased with increasing dosage of
the clay [11].

Manganese biosorption in the figure reveals 94.3% in
R1 and 97% metal removal in R2. Studies report that with
14 g/L of biomass of Saccharomyces cerevisiae ICCF 349 and
Saccharomyces bayanus ICCF 348, resist concentrations of
1250mg/L manganese sulfate (MnSO

4
), which can retain

33.9mg/L manganese [12]. Exposure to high concentrations
of manganese leads to a toxic effect, so that the use of
these yeasts can be an alternative for treating contaminated
wastewater with manganese.

Iron biosorption shown in the figure proves the efficiency
of yeasts as biosorbent, since it was determined that themetal
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Table 2: Removal of heavy metals in reactors with yeast immobi-
lized into zeolites.

Metal 𝐶
0

(mg/L)
𝐶
𝑓(R1)

(mg/L)
𝐶
𝑓(R2)

(mg/L)
NOM-001-ECOL-1996

(mg/L)
Zinc 14 3 2 20
Copper 10 3.7 1 6
Manganese 52.5 3 1.8 4
Iron 403 2 0 5

removal rate in the river water for R1 was 99.5% and for R2 as
100% removal was obtained.

The Mexican Norm establishes that the maximum per-
missible limits for iron are 5mg/L; in this study results that
comply with the standard were obtained. Baǧ et al. reported
that the yeast S. cerevisiae immobilized on sepiolite for the
adsorption of iron, obtaining a removal of 95 ± 1% Fe [13]. In
this study, similar results were obtained with yeasts Candida
tropicalis and Issatchenkia orientalis, which demonstrate that
the presence of Zn, Cu, andMn promote the adsorption of Fe
in this biomass.

Table 2 shows initial and final concentrations of heavy
metals (Zn, Cu,Mn, and Fe) ofwater to be introduced into the
reactor, showing decrease in concentration from the first day
of experimentation. It also presents the values in theMexican
Official Norm, which establishes the maximum permissible
in mg/L for zinc, copper, iron, and manganese.

4. Conclusions

In this work, biosorption studies using yeast (Candida tropi-
calis and Issatchenkia orientalis) demonstrate the biosorption
capacity of heavy metals such as zinc, copper, manganese
and iron. These were undertaken in acidic conditions and
continuous systems for 40 days of experimentation. It is
worthwhile to mention that excellent results were obtained
as a result of the concentrations of the studied metals, which
are below the values established by the Mexican Official
Standard. It is concluded that the application of this process
of bioremediation can be an alternative for the treatment of
wastewater contaminated with these metals.
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metales tóxicos en efluentes mineros aplicando biosorción,”
Revista del Instituto de Investigación de la Facultad de Geologı́a,
Minas, Metalurgia Y Ciencias Geográficas, vol. 4, no. 7, 2001.

[4] V. K. Gupta and A. Rastogi, “Biosorption of lead from aqueous
solutions by green algae Spirogyra species: kinetics and equilib-
rium studies,” Journal of Hazardous Materials, vol. 152, no. 1, pp.
407–414, 2008.

[5] J. Deuren, Z. Wang, and J. Ledbetter, Remediation Technologies
Screening Matrix and Reference Guide, Technology Innovation
Office, EPA, 3rd edition, 1997.

[6] S. T. L. Volke, T. J. A. Velasco, P. D. A. De la Rosa, and O. G.
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